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Abstract 
For years, Portuguese public institutions, such as hospitals, offer free parking for employees, patients and visitors. Due to the 
economic pressure that the country is facing, public institutions are now being pressured to charge for parking. Such measure 
has been socially contested as free parking has been interpreted as a labor right. However, it is a fact that public institutions 
cannot keep buying additional areas to supply increasing parking needs. Along this paper, authors evaluate 4 alternative 
scenarios for parking management, demonstrating that it is possible to do more with fewer resources; there is to say, increase 
mobility with less consumption of resources. Using a real case study from a hospital area located in Algarve (Portugal), 
authors will perform an analysis of the effects of four parking management scenarios in terms of traffic and environment 
pollution. Those results will support the monetary quantification of the environmental externalities costs. The comparative 
results revealed that scenarios requiring the use of more resources and implying higher public expenditure are worst in terms 
of traffic, environment and externalities. When parking systems become controlled and restricted, the referring effects worsen, 
on the immediate term, with additional driving costs for users on the network up to 560 euros/workday, environmental 
externalities costs up to 102 euros/workday and CO2 emissions increasing up to 4,6 kg/workday. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Scientific Committee. 
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1. Introduction 
Parking provision and management has been an important issue both for public authorities and for the private 
operators running those facilities. The relevance of the subject is not corresponded by universal or even integrated 
strategies. There are few specific requirements or regulations, both at national level and higher levels (European 
or International). Parking is an issue that has been addressed mostly locally, with municipalities imposing 
minimum ratios requirements to developers. Those ratios are mainly dependent of the land use and activities that 
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will be served by the parking area. However, as there is no integration between parking policies, occasionally 
those minimum rations can lead to an oversupply of parking areas (Shoup, 1999).  
Parking areas usually create an impermeable surface that increases water flows in urban areas, degrade 
landscape and contribute to the urban island effect (Feitelson & Rotem, 2004). The excessive offer of parking 
also ruins urban planning purposes and promote automobile dependency (Cuttera & Franco, 2012, Shoup, 1997b, 
1999). Additionally, on-street parking and the search for a parking place can reduce the road capacity and cause 
congestion, lower the circulation speed and increase air pollution and noise. Moreover, on street parking also 
leads to an increase on cruising for parking. Shoup (2006) quantified this effect in congested downtowns and 
revealed that traffic cruising for parking can oscillate between 8% and 74% of the total traffic and that cruising 
time can vary between 3.5 and 14 minutes. 
Presently, several cities in Europe are reversing their parking policy and introducing parking maximums in 
order to contain the number of parking places available in their cities, as they consider the existing offer of 
parking places excessive. In fact, countries like Switzerland, the United Kingdom, Portugal and Italy already set 
maximum parking requirements as national guidelines (Kodransky & Hermann, 2011). Additionally to the 
restriction of the parking areas requirements, most of the cities have payment systems for on-street, surface or 
structured parking under public management or concede to private parking managers. 
Along this paper, authors explore four different alternatives to manage parking demand in a hospital area, 
either through restricting the access to parking areas, introducing a payment system or by creating an additional 
parking area. Authors will estimate the traffic, environmental and monetary effects of those alternative parking 
management scenarios. The effect of cruising will also be taken into account on the calculations as it leads to 
increasing negative effects, aggravated by the fact that it takes place in a hospital area. The comparison between 
the different scenarios will allow determining if parking management can be done with less resources and without 
worsen the mobility of the area, as well as the environmental effects and monetary revenues. The comparison will 
also include the quantification of external costs, for each of the scenarios, in order to evaluate the society interest. 
These estimations will explicit the direct and indirect effects of each of the solution for parking manager, users 
and society. Such disaggregation of results is determinant to explicit all stakeholders perspectives into the 
decision making process and to acknowledge the impact of their options. 
2. Case Study 
The case study refers to a real situation that took place at a district hospital in Algarve (Portugal), close to the 
main road (EN125) that crosses the most populated municipalities of the region (Fig. 1). 
  
Fig. 1(a) Location of the Hospital; (b) Regional insertion of the Hospital 
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Fig. 2(a) illustrates the parking areas serving the hospital. There is a controlled parking area P1 with a capacity 
of 292 vehicles. Patients and visitors are charged for parking at P1. The hospital has also four free surface parking 
areas, which represents a full capacity of 354 vehicles (Parking 2, 3, 4 and 5). Moreover, one can find some 
illegal on-street parking along the roads to access the hospital, which represent about 120 parking places. 
The need for parking is not regular throughout the day, as shown in Fig. 2(b), and there is a significant 
concentration of parked vehicles between 9:00 and 16:00, from which about 2/3 belong to employees. 
Fig. 2 (a) Parking areas serving the hospital                                      (b) Hospital parking occupation along the day 
Due to the increasing economic pressure added to predominant illegal parking around the area of the hospital, 
which could affect the traffic of ambulances and patients, the hospital administration considered to discipline 
parking, through the adaptation of parking capacity and charging schemes. 
That parking discipline should obey to the following standard rules: 
• Employees, suppliers and volunteers will still have access to free parking, but eventually limited; 
• Parking areas will have the layout of the spaces drawn on the pavement; 
• Entrance and/or exits will be controlled by barriers. 
Considering these rules, four scenarios of adaptation of parking capacity and charging schemes were 
considered and their effects were estimated and compared with the Business As Usual (BAU) situation.  
The BAU situation is the one that corresponds to an arbitrary use of the parking areas for free, by patients, 
visitors, employees and suppliers without any measure of control of capacity or charging scheme. 
The four scenarios for parking management of the hospital parking areas are illustrated in Table 1. 
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Table 1. Summary of the four scenarios for parking management 
 Scenario  1 Scenario   2 Scenario   3 Scenario   4
P1 charge patients and visitors 
limited capacity of 292 parking places 
P2, P3, P4 and P5 uncontrolled and free of charge for all users controlled and free of charge for all users 
 The entrances on the 
hospital parking areas 
would be controlled by 
barriers, although without 
capacity or flow 
limitations. 
The exits of the hospital 
parking areas would be 
controlled by barriers, 
although without capacity 
or flow limitations. 
The entrances on the hospital free parking areas would 
be controlled by barriers, with capacity restrictions 
P extra    Additional parking area to 
be bought or rented in the 
neighborhood of the 
hospital area 
The first scenario corresponds to charge patients and visitors that use parking 1 and keep all the other parks 
uncontrolled and free of charge for all users, with a limited capacity of 292 parking places. The other parks 
wouldn’t have any additional restriction, meaning that they would still allow an arbitrary use. The entrances on 
the hospital parking areas would be controlled by barriers with the only purpose of counting users and not to limit 
parking capacity.   
Scenario 2 is similar to scenario 1, except on the location of the access barriers which, in this case, are located 
at the exit of the parking area. Controlling the exit implies that the queue is created inside the hospital area, which 
will allow to preserve the mobility of the neighborhood through the decrease of the mobility levels inside the 
hospital area. Such scenario will imply the implementation of measures that assure reserved and separate access 
to ambulances. 
The third scenario mostly reflects the restriction of the parking capacity, controlling access according to the 
availability of free places, limited to the capacity of the park and with parking places marked on the pavement. 
This scenario corresponds to charge patients and visitors using parking 1, in the same conditions of scenario 1, 
and keep all the others parks free of charge. Parks would only allow legal parking restricted to the capacity of 
each park. Such scenario, controlling the entrances by barriers, will presumably lead to longer queues to access 
the hospital parking area, which may affect the neighborhood area and block the access of the nearest major 
roads. 
The fourth scenario corresponds to the highest consumption of resources. It is similar to scenario 3 but offers 
an additional parking area, outside the hospital property, in order to answer to all parking demand (reduced by 
marking the parking places layout on the pavement). Such scenario will presumably generate higher cruising 
traffic inside the hospital parking area. Employees and other users would have to park at longer distances and 
thus, many of them will first try to get an available place closer to the main building. 
3. Results 
The estimation of traffic and environmental effects was carried out with the traffic software AIMSUN and 
followed the methodology of Melo (2011). The estimation of the environmental pollutant emissions followed the 
model from Panis, et al. (2006) and includes the quantification of nitrogen oxides (NOx), volatile organic 
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compounds (VOC), carbon dioxide (CO2) and particulate matter (PM2.5). NOx is a generic term for mono-nitrogen 
oxides (NO and NO2), which are produced during combustion, especially combustion at high temperatures. The 
relevance of VOC emissions, also released during the combustion process, is related to the direct toxic effects 
they have on humans and ecosystems. Concerning the particulate matter (PM2.5), there are a number of studies 
that demonstrates the harmful effects of such small and lightweight particles, especially increasing the risk of 
respiratory and cardiovascular diseases. CO2 is released to the atmosphere when solid waste, fossil fuels (oil, 
natural gas and coal) and wood are burned and is considered dangerous as it interferes with oxygen transfer in the 
bloodstream (Meyer & Miller, 2001). These particular pollutants were chosen based on their potential for 
generating severe health impacts and externalities. For other pollutants, the potential health impacts are much 
smaller and their contribution to the total burden of exposure to pollutants is expected to be minimal. 
It was also important to consider the economic implications of the different scenarios when compared to the 
BAU situation. For that purpose it was estimated the potential income from parking ticketing, the additional 
driving costs and the environmental externalities. 
The estimation of the potential income was based on the standard parking fee of the area of 0.40 EUR/hour 
and considering the costs of delays, cruising times and fuel consumption levels.  
Regarding the environmental externalities, with respect to CO2, NOx and PM2.5, parameters included in the 
cost categories of climate change and air pollution, respectively, the estimate was supported by the update study 
on external costs of transports by CE Delft; Infras; Fraunhofer ISI (2011) for the year of 2008, whose costs were 
updated for the purpose of this study to the year 2012, having as reference unit PPS (Purchasing Power Standard). 
The base studies to determine the cost factors, used for the present work, and object of the mentioned update 
study on external cost were: for PM2.5 under urban conditions the European project HEATCO (Bickel et al., 
2006); in the case of VOC and NOx was the European research project NEEDS (Desaigues et al., 2007); and with 
respect to CO2 the values derived by Kuik in order to guarantee the EU target for 2050 (Kuik et al., 2009). 
Table 2 illustrates the traffic effects for the four scenarios, for all vehicles circulating within the network. 
Table 2. Comparison of the four scenarios in terms of traffic effects 
  BAU Scenario 1 Scenario 2 Scenario 3 Scenario 4 
Density [veh./km] 3 3 3 49 3 
Travel Time [sec/km] 86 88 89 2865 102 
Delay [sec/km] 15 18 18 2795 31 
Speed  [km/h] 45 44 44 35 39 
Distance travelled [km] 607 608 605 33 569 
Average queue [n. vehicles] 0,14 0,25 0,27 53 1 
Fuel Consumption [Liters] 62 66 66 59 72 
number of stops per vehicle [number] 2 2 2 6 4 
Charging the parking facilities for visitors and patients and not restraining the parking for employees and 
suppliers (Scenario 1) would slightly decrease the mobility of the area and worsen the quality of the environment, 
when compared to the BAU situation. The increase on delay would be followed by a decrease in speed, although 
as shown in Table 2, without significant effects in terms of traffic. In environmental terms, this scenario would be 
worse than the BAU situation as it leads to an increase by 2.5 kg/workday on CO2 and 1.1 kg/workday on PM2.5
emissions, also with smaller increases for the other pollutants. In monetary terms, the implementation of these 
changes would represent up to 474 euros/workday on ticketing revenues to the parking manager but also to 
additional driving costs for users of 26 euros/workday/all users. The quantification of the environmental 
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externalities estimates those costs up to 56 euros/workday to society. The results of the environmental and 
economic estimations of the four scenarios are shown in Fig. 3. 
  
  
Fig. 3 (a) Environmental emissions changes (b) Environmental externalities costs by pollutant (c) Expected revenue, driving additional costs 
and environmental externalities 
Scenario 2 includes barriers on the exit of the parking areas and, as expected, it leads to a similar situation to 
scenario 1 but with slightly worst values in terms of mobility (decrease on the distance travelled due to 
congestion). In terms of environmental emissions, results are worse than in scenario 1, also with significant 
increase on PM2.5 and CO2 emissions by 1.5 kg/workday and 2.9 kg/workday, respectively, with reference to 
BAU situation. Scenario 2 corresponds to an increase of 454 euros/workday on revenues, driving additional costs 
of 26 euros/workday/all users and about 57 euros/workday regarding environmental externalities costs. The 
effects in terms of traffic and revenues are similar, but Scenario 2 leads to worse environmental effects. 
Considering these collateral and negative effects will take place inside the parking area of a hospital, if other 
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scenarios could be put into practice, scenario 2 should be avoided, as the mentioned environmental effects would 
directly affect patients, visitors and employees of the hospital. 
Scenario 3, with barriers on the entrance of the parking to control the access and restrict the entrance up to the 
maximum capacity of the parking areas, leads to chaotic effects on the immediate term. This scenario was 
actually put in practice for two days, but due to the disorder created not only inside the hospital circulation areas, 
but also on the road network in the neighborhood (which included the two most important road connections in 
Algarve), it was suspended. The indicators estimated along this paper, reveal the congestion levels of this 
scenario through the significant changes observed, for example, on density of vehicles, travel time and delay 
times. Scenario 3 would increase the revenues up to 851 euros/workday for the parking manager but would also 
lead to losses of 560 euros/workday/all users due to the delays users would experience while driving and trying to 
park. In environmental terms, scenario 3 is absolutely prohibitive as all pollutants would increase dramatically, 
namely, CO2 emissions by 61.8 kg/workday caused by the extreme circulation conditions created by the presence 
of the entrance barriers with capacity control of the available parking places. The fact that these emissions would 
also be felt directly inside the hospital area make it the worst possible scenario on the short term. On the medium 
and long term, however, this would be the scenario more likely to be effective on the reduction of parking 
demand flows. 
Scenario 4, in monetary terms, would be the least interesting as it implies to buy or rent an area to assure free 
parking for employees. However, even not including on the calculations the economic effort of having such an 
area, there is no reason economical or environmental that supports the decision of having another parcel of land 
assigned to parking. Traffic indicators are worse than in scenario 1 and 2, mostly due to the effect of cruising 
when people look for a parking place in the parking areas closer to the hospital. As the parking areas closest to the 
hospital can already be full, users have to park in the exterior additional parking area, leading to worst mobility 
levels. Scenario 4 is also the second worst case situation in environmental terms, where CO2 emissions are 
expected to increase by 7.3 kg/workday and PM2.5 by 4.3 kg/workday. In scenario 4, concerning revenue, it is 
expected to increase up to 992 euros/workday as some users would prefer to pay rather than to park at longer 
distances. The cruising effect that comes from the fact that users would look for an option on the closest parks 
and only later would park on the new available area, leads to additional driving costs of 67 euros/workday/all 
users and to environmental externalities of 64 euros/workday. 
4. Conclusions 
The comparison of traffic, environmental and monetary effects reveals that solutions requiring the use of more 
resources and implying higher public expenditure are worst in terms of environmental externalities and driving 
conditions. From this study, it was possible to conclude that when parking systems become more controlled and 
restricted, the referring traffic, environmental and monetary effects worsen on the short term. On the medium and 
long term, introducing a control system on the capacity of the parking areas or inserting a parking fee will 
expectedly contribute, to transference from private to public transport and to other sustainable transportation 
solutions, such as carpooling.  
On the particular system analyzed along this case study, there is however a social issue related with the fact 
that free parking might be seen as a labor right. Therefore, equally important as to balance the direct effects of 
each of the scenarios, public administrators also would have to face the obstacle of changing the paradigm of a 
new concept of parking. If parking would actually be a labor right, employees who do not drive their cars to work 
would have reasons to feel mistreated. Thus, the employer would have to compensate them, eventually with an 
extra payment on their wage. There are such policies in practice, for instance in California, where the law requires 
employers to offer commuters the option to choose cash in lieu of any parking subsidy offered (Shoup, 1997a). 
Offering commuters the option of choosing between free parking and the equivalent cash-value makes it clear that 
even free parking has an opportunity cost, the foregone cash. Therefore, some commuters who drive alone to 
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work and park for free are more likely to take the cash and begin to rideshare. Privileging the equity issue, 
parking policies can actually help to promote sustainable transport.  
In opposition, interpreting parking as a labor right, without an adequate equity policy to compensate the others, 
leads to the promotion of automobile dependency and thus, is not sustainable in terms of mobility, environment 
and costs for society. Public administrators have to balance the social paradigm of parking with the need to find 
solutions that better serve the interests of all stakeholders involved on the parking scheme. 
One of the important stakeholders to consider, when exploring alternative parking management scenarios, is 
the parking manager, to whom the public administrator gives the concession.  Its main interest is to increase his 
profitability, while respecting the contractual demands from the administrators. The scenarios that would 
contribute to a higher profitability are the ones that, on the short term, present worst results in terms of traffic and 
the environment. However, as their role on making decisions about alternative parking scenarios is rather 
irrelevant, the parking manager can only protect his investment in case there are changes to the contract. The final 
decision will be taken by the public administrator, who will balance both the impacts to society and the 
expectations of the parking manager.  
Lastly, on what refers to the drivers impacts, even if it was clear that the more controlled the system becomes, 
the higher costs for the drivers, more time they will spend driving and cruising, those costs are generally not taken 
into account on the pre-assessment of a solution. It is assumed that drivers take the decision to experience a 
specific delay and support a specific cost for its mobility when they decide to take their car to work. Thus, such 
cost is usually not considered by the public administrator when choosing parking management solutions.  
Moreover, the immediate effects are likely to lead changes to driver’s behavior, not accounted on this analysis 
and thus, the effects of a solution on the long term are likely to be somehow different from the ones observed on 
the immediate term.  
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